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The design space
• In the age of multi/many-core, a wide range of architecture parameters must be tuned to find the best system configuration. The multi objective optimisation problem
The design space
• Objective function: To minimize both energy ε (x) and execution time δ (x) of the target application on system
where Χ is the design space.
• The solution is a set of trade-off
The concepts behind the automatic DSE The concepts behind the automatic DSE Why Automatic Design Space Exploration?
• Given the increasing complexity of Chip Multi-Processors,
Why Automatic Design Space Exploration?
Given the increasing complexity of Chip Multi Processors, a wide range of architecture parameters must be explored to find the best trade-off in terms of multiple objectives (energy, delay, bandwidth, area, etc.) y, , , )
• Multi-Objective Exploration of the huge design space of next generation CMPs cannot be anymore a manual optimisation generation CMPs cannot be anymore a manual optimisation process based on intuition and past experience of the designer 
MULTICUBE Project
• An overall design space exploration framework is needed to 

MULTICUBE-SCoPE MULTICUBE SCoPE
• Open-source prototype tool (MULTICUBE-SCoPE) for performance and Open source prototype tool (MULTICUBE SCoPE) for performance and power estimation. The tool can dynamically generate system models corresponding to the configuration parameters received from the DSE tools and can feed back the required system metrics to guide the exploration process. 
High-Level Performance Estimation by using
Open Issues
• Efficiency of Automatic DSE process can be improved by:
1. Minimizing the numbers of simulations to be executed by using g y g exploration heuristics such as state-of-art evolutionary algorithms 2. Speeding up simulations 3 Simulating at higher abstraction levels 3. Simulating at higher abstraction levels 4. Defining an analytical response model of the system behavior g y p y based on a subset of simulations to predict the unknown system response
MULTICUBE Explorer MULTICUBE Explorer
• Open-source prototype exploration framework (MULTICUBE Explorer):
The tool enables a fast automatic optimization of parameterized system The tool enables a fast automatic optimization of parameterized system architectures towards a set of multiple objective functions.
Design Space Exploration
• The Multi-Objective DSE frameworks are composed of:
Design Space Exploration
Design of Experiments (DoEs):
To identify the experimentation plan: how to select the design points in the design space to be simulated 2. Optimisation Algorithms: p g Metaheuristics methods inspired by analogies with physics, or with biology to solve multi-objective optimization problems. p p This class of methods includes between the others: simulated annealing, genetic algorithms, evolutionary strategies.
Response Surface Modeling (RSM):
To use the set of simulated points to obtain a To use the set of simulated points to obtain a response surface of the system behavior How to explore the design space? How to explore the design space?
• Design of Experiments: to identify the planning of experimentation campaign where the set of tunable design parameters can vary campaign where the set of tunable design parameters can vary • To specify the layout: how to select the design points in the design space This statement is confirmed by the well-known "no-free-lunch theorem"
Response Surface Modeling
• RSM techniques are used to define an analytical dependence between design parameters and one or more response variables.
Response Surface Modeling p p
• RSM based on two main phases: During the training phase known data (or training set) defined by -During the training phase, known data (or training set) defined by
Design of Experiments are used for tuning the RSM. -During the prediction phase, the RSM is used to predict the unknown s stem esponse system response.
• 
